The exocrine pancreas is a tubular epithelium that is highly polarized, and serves as a classic model to study the cell-biological basis of secretion. Pancreatic acinar cells are clustered together to form lobes sharing a joint lumen. Acinar cells synthesize and store digestive enzymes that are secreted from their apical surface into the lumen. 1, 2 These enzymes are packed into large vesicles (~1 μm in diameter), which are stored in the vicinity of the luminal area. Each pancreatic acinar cell contains hundreds of secretory vesicles. 3 Following a secretory stimulus, up to 30% of the cellular vesicle content is secreted over extended time periods of up to an hour. 2, 3 In spite of the massive addition of membrane surface at the apical domain, the overall size of this domain is maintained constant by a dynamic process of compensatory membrane endocytosis. 4 Taken together, these observations underscore the challenge of directing secretion to a narrow and extremely dynamic apical domain over extended time periods.
Studies from our lab have focused on the role of actin filaments as mediators of this apical targeting. 5 In view of the multiple roles and forms of filamentous actin, it is difficult to dissect the distinct roles of actin solely on the basis of F-actin localization in fixed samples, or by use of general inhibitors of actin polymerization. By utilizing Lifeact-GFP for live imaging of F-actin, 6 we obtained a sensitive imaging capacity that allowed us to examine the dynamics of actin-based structures during the secretory process. This approach enabled us to follow three distinct types of F-actin in the acinar cells:
• The "terminal web" is a thin microfilament mesh that lines the apical surface, and is thought to play an inhibitory role, which serves to attenuate sporadic, non-regulated secretion. 7 • Just prior to fusion with the apical membrane, secretory vesicles are coated with actin filaments. This actin coat may mediate the contraction of the vesicle upon membrane fusion, to facilitate rapid release of the internal material to the lumen. 8 We observed that the nucleation-promoting factor N-WASp, as well as Arp3, a subunit of the Arp2/3 nucleation complex, are both specifically localized to the circumference of the secretory vesicles at the time when the actin coat appears, suggesting that they represent the relevant nucleation machinery.
• Significantly, and apart from these well-established microfilament concentrations in acinar cells, the Lifeact-GFP tool enabled us to identify apical bundles of F-actin with an average length of 3-4 μm, which constitute a novel F-actin structure. 9 These bundles of actin cables emanate from the apical membrane every 2.5 μm on average, are oriented perpendicular to the surface, and exhibit a high turnover rate. The function of these actin bundles is intimately linked to targeting of secretory vesicles, as these vesicles move along them on their way to the apical surface.
Our data suggests that the apical actin cables are generated by the formin mDia1, since the active form of mDia1 is localized to the apical surface, and bundle density correlates with the activity of mDia1. Disruption of bundle formation, either through treatment with Latrunculin A (LatA) or following expression of a dominant-negative form of mDia1, led to compromised targeting of the secretory process. Under these circumstances, secretory vesicles, which normally fuse individually with the apical cell surface, are much more likely to fuse with each other and generate compound, membrane-associated secretory structures 9 ( Fig. 1) . These results indicate that, although the final route of secretory vesicles to the apical membrane is a short one, trafficking
The apical surface of secretory tubular epithelia is a dynamic cellular domain where massive membrane turnover takes place during exocytosis and its subsequent compensatory endocytosis. This extensive membrane flow poses a difficulty in targeting secretory vesicles efficiently to a narrow apical domain. we have studied how actin filaments mediate the secretory process in the murine exocrine pancreas, which produces and secretes digestive enzymes that are deposited into the intestine. we show that cargo-filled secretory vesicles move over bundles of linear actin cables from their storage areas to the apical membrane of pancreatic acinar cells. mDia1, a linear actin nucleator of the Formin family, was identified as the generator of these structures. The active form of mDia1 localizes to the apical surface, and the microfilament bundles it forms emanate from the apical surface and extend into the cytoplasm, generating polarized secretion tracks. These bundles ensure orderly progression of exocytosis, since the apical targeting of pancreatic vesicles is compromised in their absence, and vesicles fuse with each other to generate compound, membrane-associated secretory structures.
along actin bundles regulates the orderly targeting of vesicles, maintains steady speed of movement, and prevents collision of vesicles with one another.
The close association of secretory vesicles with the actin bundles suggests that this form of locomotion may be powered by myosin V motors. The predominant myosin V isoform in the exocrine pancreas, as in other epithelial tissues, is MyoVc. 10, 11 This is a "low duty ratio" and non-processive motor, i.e., one that spends most of the time during its catalytic cycle in weak association with actin, and cannot take multiple successive steps over the filament. 12 Vesicle transport can thus be achieved by cooperative activity of multiple myosin V molecules, which progress along different cables within the same actin bundle. 12 Trafficking along an actin bundle, rather than a single filament, increases the probability for re-joining of the motor with the filament. Notably, the velocity of exocrine vesicles moving over actin bundles that we report (35 nm/s) is similar to the measured velocity of MyoVcdependent transport (24 nm/s). 12 In conclusion, in secretory organs of mice and flies, apically generated actin cables provide essential tracks for the final stages of vesicle secretion. The apical localization of Diafamily actin nucleators is critical for actin bundle polarity. 13 Trafficking of vesicles along these cables organizes the secretion process at highly restricted domains of the apical membrane of the cells.
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